We investigated the effect of thyroid hormone on phosphatidylinositol-
When mammalian tissues are exposed to peptide hormones or chemical transmitters, enhancement of phosphatidylinositol turnover is observed (Michell 1975 , Michell 1979 . The first step in the phosphatidylinositol turnover is a phosphatidylinositol breakdown to diacylglycerol and inositol phosphate in an activation of phosphatidylinositol-specific phospholipase C. It has been suggested that the activation of phospholipase C, induced by catecholamines or by peptide hormones, might be involved in an acceleration of Ca2+ influx by opening the gate for Ca2+, which results in the elevation of the intracellular Ca2+ concentration (Egawa et al., 1981 , Tolbert et al., 1980 . Recently, it has been found that phosphatidylinositol-specific phospholipase C activity is inhibited by a high concentration of Ca2+ (Hoffman and Majerus 1982) . This observation suggests that changes in the intracellular Ca2+ concentration regulate phospholipase C activity. The lower Ca2+ concentration activates and higher concentration of Ca2+ inactivates.
On the other hand, it has been known that thyroid hormone stimulates Ca2+ efflux from mitochondria (Shears and Bronks 1981) and inhibits high affinity Ca2+-ATPase in the plasma membranes (Haraguchi et al., 1984) . These observations suggest that the intracellular Ca2+ concentration is elevated by thyroid hormone administration in vivo. As is well known, thyroid hormone modifies Ca2+ concentration was adjusted by means of a metal-metal chelator buffer system using EGTA as a chelator (Pershadsigh and McDonald 1980) . In this system, 1.25 and 0.625mM Ca2+ were calculated to be 10-3 and 10-6M of free Ca2+ respectively in the presence of 0.5mM EGTA.
Miscellaneous Serum T3 and T4 were measured by RIA using commercially available kits (Kaken Kagaku Inc. Japan) as previously described (Hiramatsu et al., 1983) . The protein concentration was measured by the method of Lowry et al. (1951) using a bovine serum albumin as a standard. The phosphorus was determined colorimetrically by the method of Baginski et al. (1967) . Statistical significance was assessed by Student's t-test.
Results
Effect of thyroidectomy or T4 administration to thyroidectomized rats on body weight, liver weight and serum T3 or T4 concentration Table 1 summarizes changes in body weight, liver weight and serum thyroid hormone concentrations.
Thyroidectomy significantly reduced the body weight and liver weight. T4 administration to these rats increased both body and liver weights, but not significantly. The serum T3 or T4 concentration was significantly decreased by thyroidectomy and increased by T4 administration to these animals.
Effect of T4 administration on the phospholipase C activity in liver 14days after thyroidectomy, phospholipase C activity in rat liver cytosol fraction was significantly increased. T4 administration to these animals decreased the activity (Table 2 ). As shown in Fig. 1 , T4 treatment decreased V max without changes in km in Linweaver and Burke analysis.
Effect of Ca2+ or EGTA on phospholipase C activity As reported by many workers (Egawa et al., 1981 , Tolbert et al., 1980 , Takenawa and Nagai 1981 , activation of phospholipase C required a small amount of Ca2+ in vitro. In contrast with this, the enzyme activity has been reported to be inhibited by a high concentration of Ca2+ (Hoffman and Majerus 1982). Ca2+ was tested for its ability to modify the enzyme activity. As shown in Fig. 2 -A, the enzyme activity obtained from Tx+Saline animals was inhibited by Ca2+ in a concentration dependent fashion.
The enzyme obtained from Tx+T4 animals, however, was not significantly influenced by Ca2+ in vitro. As shown in Fig. 2 -B, phospholipase C activity obtained from Tx+T4 animals was stimulated by pretreatment of the en- Protein concentration in each point was 0.38mg/ml. zyme with EGTA. The enzyme obtained from Tx+Saline animals was however not significantly affected by pretreatment with EGTA.
Effect of T4 administration on the synthesis of phosphatidylinositol from myoinositol in rat liver plasma membranes
The synthesis of phosphatidylinositol from myoinositol is an important step in phosphatidylinositol turnover. The synthesis of this phospholipid in rat liver plasma membrane was studied in both Tx+Saline and Tx+T4, animals. The in vitro incorporation of myo-[3H]-inositol into the organic phase was significantly higher in the plasma membranes derived from Tx+T4 animals than in the membranes derived from Tx+Saline animals (Fig. 3) .
Discussion
We have demonstrated that thyroid hormone can modify phosphatidylinositol turnover by inhibiting phosphatidylinositolspecific phospholipase C activity in rat liver. In our study, we observed that thyroidectomy stimulates the enzyme activity, and that T4 administration to thyroidectomized rats inhibits the enzyme activity. The augmented activity in thyroidectomized-rats was reduced by Ca2+ in vitro. On the other hand, the diminished-enzyme activity in T4-treatedthyroidectomized-animals was stimulated by EGTA in vitro. The above observations led us to the hypothesis that the inactivation of phospholipase C in T4-treated animals is closely related to the changes in the intracellular Ca2+ concentration.
In thyroid hormone-treated animals, the intracellular Ca2+ concentration is augmented by acceleration of Ca2+ release from mitochondria (Shears and Bronks 1981) . Further, we observed that the high affinity Ca2+-ATPase in rat liver plasma membrane is inhibited by in vivo administration of T4 (Haraguchi et al., 1984) . Based on the finding that a high concentration of Ca2+ inhibits phosphatidylinositol-specific phospholipase C in vitro (Hoffman and Majerus 1982) , thyroid hormone inhibition of the enzyme activity would be mediated by an increase in Ca2+ concentration in the intracellular space.
As is well known, phospholipase C is located to the plasma membrane. We observed that plasma membrane-derived enzyme activity is also decreased by in vivo administration of T4 to rats (Data not shown). The diminished-activity in T4-treated animals, in this case, may result, in part, from the modification of distribution of phospholipids in the membrane, since it has been reported that the phospholipid distribution in the plasma membrane plays an important role in the regulation of enzyme activity (Hoffman and Majerus 1982 1984) . And as shown in this report, we found that phosphatidylinositol production from myoinositol in plasma membrane is stimulated by pretreatment of the animals with T4. Although it is uncertain whether the stimulation of the synthesis of these phospholipids reflects a diminution of phospholipase C activity, the modulation of distribution or composition of phospholipids in plasma membrane, as well as the changes in Ca2+ concentration, could be an important factor in the regulation of phospholipase C in altered thyroid states.
Although the precise machanism of inactivation of phospholipase C in T4-treated animals is uncertain, the mobilization of a large amount of Ca2+ may play an important role in the regulation of the enzyme activity.
